Immobilization of enzymes into nanocavities for the improvement of biosensor stability.
Nanoporous materials with different pore sizes are evaluated as immobilization and stabilization matrices of proteins for the development of highly stable biosensors. It has been proven experimentally that confinement of proteins in cages with a diameter that is 2-6 times larger than their size increases considerably the stability of the biomolecules, as has been shown earlier by theoretical calculations. Porous silica beads with pore sizes of 10nm were utilized for the immobilization of the enzymes HRP and GOx with diameters in the order of 5 and 7 nm, respectively. The sensitivity of the corresponding biosensor systems was monitored for 70 h under continuous operation conditions (+600 mV) and it was found that the stabilization factor of GOx is 1.7 times higher compared to HRP. Also the stabilization efficiency of enzymes against leaching and inactivation in porous polymer beads with pore diameters of 10 and 30 nm was examined. The leaching rate of the enzyme AChE from the 30 nm polymer beads was found to be 1.1 times higher than that from the 10nm beads. At the same time the remaining activity of GOx biosensors after 5 days of continuous operation conditions (+600 mV) was found to be 2.1 times higher when the enzyme had been immobilized in the 10nm beads compared to the 30 nm beads. It is thus evident that the matching between the pore size of nanoporous materials and the molecular size of enzymes is essential for the development of biosensors with extended shelf and operational lifetimes.